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HYDROGRAPHIC SURVEYING. 


By StTaFF-CaPTaIn T. H, Tizarp, R.N. 


THE principal difference between marine and land surveying is that 
the greatest part of the area requiring investigation in the former 
case presents a level, unbroken surface, so that no idea can be 
formed as to the time required, or the difficulties to be met with, in 
any particular piece of work, unless it has been already surveyed, 
and merely requires to be re-sounded to ascertain what changes are 
in progress. The laborious and monotonous work of sounding alone 
reveals the inequalities of the ground beneath the surface of the sea, 
and this is laborious not only to the men actually employed in the 
exercise of their physical powers in constantly heaving the lead, and 
hauling in the lead line, but also to the surveyors, for it is only by 
minute attention and watchfulness that cannot for a moment be 
relaxed, that soundings are obtained in the desired positions and 
with the requisite accuracy. I venture to say that no one who has 
not had personal experience of the labour and trouble required to 
sound accurately a given area can form an idea of the patience and 
watchfulness given to this work, and it must be borne in mind that 
it must be entirely executed by responsible officers, for mistakes 
cannot be readily rectified, and if made may lead to serious disaster. 
Even with the utmost care it is hardly possible to detect every 
inequality at the bottom ; for instance, boulders or pinnacle rocks, 
even when known to exist, cannot sometimes be found by the 
ordinary process of sounding, and have to be swept for; and instances 
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have been known where it has been necessary to send a diver down 
to place the lead on the top of a rock before the depth over it could 
be satisfactorily ascertained. 

Soundings may, generally speaking, be divided under two heads : 
Ist, the ascertaining the depth of water ; and 2nd, the ascertaining 
the precise position of the sounding. 

The method of obtaining the depth depends greatly on the depth 
itself. It will readily be understood that the process of ascertaining 
the depth in shallow water is an easy matter, and that in ocean 
depths of above 1,000 fathoms it requires considerable care and skill, 
and, consequently, that the difficulties and time occupied increase 
with the depth. The usual method of sounding is to attach a 
weight called a lead to a line and lower it to the bottom. In all 
ordinary vessels the leads and lines are of two kinds, the hand and 
the so-called deep-sea. The hand lead weighs about 14lbs., and is 
attached to a line of about 25 fathoms in length, marked in the 
following manner :—At 1 fathom there is a piece of leather; at 
two fathoms, 2 pieces of leather; at 3 fathoms, 3 pieces of 
leather ; at 5 fathoms, a piece of white bunting; at 7 fathoms, 
a piece of red bunting; at 10 fathoms, a piece of leather with a 
hole in it ; at 13 fathoms, a piece of blue bunting ; at 15 fathoms, a 
piece of white bunting ; at 17 fathoms, a piece of red bunting; and 
at 20 fathoms, two knots. 

It will thus be seen that there are no marks at 4, 6, 8, 9, 11, 12, 
14, 16, 18, and 19 fathoms. The fathoms with marks at them are 
named marks, and the others deeps ; and the leadsman in ordinary 
vessels calls the soundings accordingly, guessing the depths to quarter 
fathoms, thus by the mark five, or the deep six, at the even 
soundings, and calling the quarters a quarter less five, and a half 
five, quarter less six, etc. 

This system of marking the hand line is far too rough for any 
surveying work, and accordingly we mark our lines to feet up to 
10 fathoms, and afterwards at every fathom, but to simplify the 
markings for the leadsmen, who are all taught in their training the 
marks in use in ordinary vessels, we adopt, as far as possible, those 
marks, adding others; thus at the lst and 2nd fathoms are the 
leather marks ; at 3, 9, and 13 fathoms, blue marks; at 5 and 15 
fathoms, white marks ; at 7 and 17 fathoms, red and blue marks ; 
at 4 fathoms, 4 pieces of leather; at 6 fathoms, a blue and white 
mark ; at 8 fathoms, a red and yellow mark ; at 11, 12, 14, 16, 18, 
and 19 fathoms, single knots; then every half fathom has a small 
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piece of red, and the 1, 2, 4, and 5 feet between the fathom marks a 
piece of knotted marline ; and the leadsman calls the soundings to 
feet, thus three, two, means 3 fathoms and 2 feet; five, four, 
5 fathoms and 4 feet, etc. 

The so-called deep-sea lead in ordinary ships consists of a weight 
of about 28lbs. attached tu a line 100 fathoms in length, which is 
marked to every 10 fathoms above 20 fathoms, but which we mark 
at every fathom. 

Various instruments have at different times been invented to 
ascertain the depth also. The three most useful and prominent of 
these are, for ordinary depths, Massey’s sounding machine, Burt’s 
nipper and bag, and a pressure gauge originally invented by 
Ericson and since modified by Sir W. Thomson and Mr. Bassnett. 

Massey’s machine, invented about 1820, is simply a clockwork set 
In motion by a rotator, which revolves freely as the instrument 
descends, but is caught by a catch when it is being hauled up. Like 
all other instruments it is not perfectly accurate, but should have its 
errors ascertained by being lowered to given depths, when it may be 
usually relied on. 

Burt’s nipper and bag is an excellent arrangement ; it is simply a 
roller with a strong spring kept at the surface of the sea by a bag 
full of air; the lead line passes between the spring and the roller, 
and runs freely between them in one direction, but cannot be hauled 
back ; as the lead sinks the bag is kept perpendicularly over it, and 
registers the true depth. 

Both Massey’s machine and Burt’s nipper were most useful in the 
days of sailing vessels, when it was almost impossible to get a good 
sounding in depths above 20 or 30 fathoms, owing to the drift of the 
ship, but they are not of so much use now, as it is easy to keep the 
line perpendicular from a steamer, and, moreover, hemp line for 
soundings over 20 fathoms has, of late years, been almost super- 
seded by fine wire. Here the pressure gauge is of great use in 
ordinary navigation; of these there are two in use, Sir W. Thomson’s 
and Mr. Bassnett’s. 

In using wire for sounding in ordinary circumstances the depth 
may be recorded by a clockwork arrangement attached to the 
spindle of the drum on which the wire i: reeled; but as this 
requires the ship to be stationary, as in sounding with the hemp 
line, and as, moreover, unless the wire be prevented running out 
when the lead has reached the bottom, it is very likely to kink and 
part, in ordinary navigation the wire is generally used when the 
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ship is steaming through the water, and a pressure gauge attached 
to record the depth. The ordinary pressure gauge of Sir W. 
Thomson consists of a glass tube chemically marked inside; as the 


Sir William Thomson’s Pressure Gauge. 


depth increases so the pressure increases, and the water is forced up 
the tube, compressing the air inside, and washing off the chemical 
substance with which the tube is lined. When brought to the 
surface the compression of the air due to depth is shown by the 
amount of red washed off, and the depth ascertained by placing a 
prepared scale against the top of the tube. It will thus be seen that 
a fresh tube is required for every cast of the lead. To avoid this 
difficulty Mr. Bassnett, of Liverpool, invented a pressure gauge, 
which consists of an overflow tube inside a larger one; the water 
being forced up the overflow tube falls down into the surrounding 
tube when it reaches the top of the inner one, and consequently 
records the amount of pressure and the depth. When brought to 
the surface the outer tube can be emptied by opening a valve at the 
bottom, and the recorder is ready again for use. Sir William 
Thomson has lately invented another instrument, which he has 
named the depth recorder. This consists of an air-tight cylinder, 
in which is a moveable valve attached to a piston, the other 
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end of the piston being fastened to a spiral spring at the bottom. 


Mr. Basnett’s Pressure Gauye. 


The pressure of the water forces up the valve into the cylinder, but 


Sir William Thomson's Depth Recorder. 
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the height to which it is forced is regulated by the spring beneath ; 
the piston is graduated, and has a moveable index, which records the 
depth. 

None of these instruments can, however, be considered as such a 
satisfactory method of recording the depth asa perpendicular cast of 
the lead. First of all, in water under 10 fathoms deep the soundings 
can be registered to feet by the lead line, and even to half-feet 
if necessary, and can be obtained as quickly as is compatible with 
hauling in and heaving the lead, thus saving any time required to 
read off an instrument, and secondly, the graduation of the pressure 
gauge allows such minute space for each fathom that it is not easy 
to tell the precise depth ; moreover, in using them with the wire 
sounding line, when it is usually necessary to keep some way on the 
ship to prevent a kink, the ordinary method of knowing when the 
bottom is reached, viz., by touch, is not available, and the only 
means by which the navigator may be certain his lead has reached 
the bottom, and that his apparatus is consequently recording the 
true depth, is by bringing up a specimen of the bottom, which is 
usually done by fixing a bit of tallow called the “arming” to the 
bottom of the lead. When the ground is hard the tallow often 
comes up clean, and the result is consequently doubtiul. 

In surveying vessels, instruments for ascertaining the depth are 
seldom used. | 

The method of heaving the lead is for the leadsman to stand on a 
platform on the side of a ship, or boat, and throw the lead sufficiently 
far forward for the line to be perpendicular when the spot where the 
lead entered the water is underneath him by the time the bottom is 
reached. The speed of the vessel, and the distance it is necessary to 
heave the lead, are regulated by the officer in charge, and very slow | 
speeds are kept up, or the depths would not be obtained in sufficient 
numbers. In depths of from 30 to 100 fathoms the ship is usually 
' brought head to wind and stopped, so that a perpendicular cast may 
be obtained. The lead lines in use are kept constantly wet and are 
frequently measured—at least twice a day—and their errors, if any, 
recorded and allowed for before the soundings are plotted. At 
frequent intervals specimens of the bottom are brought up, and 
their nature also recorded for entry on the chart, so that the navi- 
gator may know what sort of ground he may expect. This is the 
usual method for depths under 100 or 150 fathoms, but for ocean 
depths special arrangements are required, and steam power absolutely 
necessary to ensure accuracy. 
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The plan originally tried by the early navigators to obtain 
soundings in the open sea was to prepare a reel of continuous spun 
yarn of from 5,000 to 10,000 fathoms in length, and to attach a 
number of shot to the end, and let it run out until the bottom was 
reached. Experience soon proved that no satisfactory results could 
be obtained from a sailing vessel itself, as the heave of the sea, or a 
breeze springing up whilst the weights were descending, caused the 
ship to drift away from the spot where the weights were let go very 
rapidly. After a time the experiment was tried from boats, the reel 
of line being placed in one boat with the men to attend it while it 
was running out, whilst a second boat took the sounding boat in tow 
and kept her in position over the descending weights. It seems, 
however, that the seamen of that day lost sight of the fact that the 
line would not cease to run when the shot reached the bottom, as 
its own weight was sufficient to cause it to run, and consequently 
reports were made that no bottom had been reached with 5,000, 
7,000, and even 10,000 fathoms, giving rise to the poetical idea of 
the ocean’s “unfathomable depths.” The idea of ‘ unfathomable 
depths” was by no means confined to the ocean, for some lakes were 
also said to be unfathomable. I remember, when employed in 
surveying the island of Pantellaria, in the Mediterranean, the 
Governor there said that a small lake on the island was unfathom- 
able, and we resolved to test this statement, the result being that 
nowhere could we find more than seven fathoms. 

_ Before long it was, however, discovered that by timing the rate of 
descent of the line at each 100 fathoms, or less intervals, the moment 
the weights reached the bottom could be ascertained with accuracy, 
as although the line did not cease running its rate was sensibly 
diminished, and Sir James Ross, in the Lrebus and Terror, in 1840, 
made some excellent observations on oceanic depths, his deepest 
sounding being 4,000 fathoms. In none of the earlier attempts was 
apy endeavour made to bring up a specimen of the bottom, the line 
being invariably cut after the shot reached the ground, but the bold 
idea, in 1857, of connecting England and America by a submarine 
cable, necessitated a knowledge of the depth of the ocean and nature 
of the bottom between the two countries, and various sounding 
apparatus were designed to accomplish the object, some of which 
I exhibit here—Brooke’s rod, the “ Bulldog” clamp, Fitzgerald’s 
machine, the Hydra rod, and the Baillie rod, the latter being the 
instrument most generally used now by our surveying officers. All 


the instruments have one common object, 7.2, to disengage the 
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weights or sinkers directly the bottom is reached, and to bring up 
as large a specimen as practicable for examination. 

Up to 1874 hemp rope was entirely used to measure the depth 
and bring back the instrument to the surface, and the weight of the 
sinkers necessary depended greatly on the size of the rope, though 
not entirely, as it was found that by marking the line very carefully 
the friction in passing through the water was very much reduced, 
and that consequently less weight was required to get a given 
speed of descent. 

About 1874, wire began to be used for deep-sea sounding, and as 
it requires far less weight of sinkers, it has gradually been adopted 
as the best means of ocean sounding, though the hemp rope has not 
been entirely discarded, for owing to the liability of the wire to 
kink and break if there is much motion on the ship, it is often not 
advisable to attach valuable instruments to it when other informa- 
tion in addition to the depth is required. For instance, it is always 
advisable to ascertain the temperature of the water at the bottom, 
and to sometimes bring a specimen of that water to the surface for 
examination ; and it is also highly advantageous to ascertain the 
temperature of the ocean at different depths, which is done by 
attaching a uumber of thermometers at given intervals to the 
sounding lines. As these instruments are expensive, it is well not 
to risk their loss by any chance of the line parting. 

In a former lecture, delivered here in February, 1886, I have 
described in detail the method pursued in the Challenger in ocean 
sounding and temperature observations, and, therefore, it seems 
hardly necessary to repeat that now, as the lecture is published in 
your Occasional Papers, but I exhibit some of the instruments used. 

I may point out though that we are now beginning tv have a fair 
knowledge of the depths all over the world, as the accompanying 
general chart shows; the deepest authentic sounding yet obtained 
is 4,600 fathoms, and there are but few places where the depth is of 
or above 4,000 fathoms ; the general depths are from 2,000 to 3,000 
fathoms. We are also beginning to have a fair knowledge of the 
deposits on the floor of the ocean. A considerable portion of the 
bed at the bottom consists of a white ooze, which, when examined, 
proves to consist of microscopic shells rained down from the fora- 
minifera (principally globegerina) ; living in large quantities on 
the surface, the shells fall down to the bottom, when the animals 
die. But it is a curious fact that in depths above 2,500 fathoms few, 
if any, globegerine shells are found, although the animals are quite 
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as numerous at the surface. There the bed of the ocean consists 
principally of a red.clay. | 

Having thus described how soundings are obtained, I must point 
out that it is always necessary to reduce them to a common standard 
as the depth in every position varies constantly with the rise and 
fall of the tide. In the open ocean the tidal wave never exceeds 
4 feet, and can consequently be overlooked, but directly the tidal 
wave meets with any considerable obstruction 1t becomes abnormal, 
and is heaped up to 10, 15, 20, and sometimes to 40 and 50 feet ; 
therefore, in sounding coasts or harbours, etc., the condition of the © 
tide must be constantly observed, and the depth obtained reduced 
to a common standard. 

The standard adopted by the Hydrographic Department of the 
Admiralty is the low water of ordinary spring tides; this has to be 
ascertained for each particular survey, and the height of the tide 
registered at short intervals during the whole period the survey is in | 
progress, so that tidal curves may be drawn which will allow the 
soundings as they are taken to be reduced to the adopted standard. 
In itself it would seem to be a very simple matter to ascertain the 
<latum point of low water, but the rise and fall of the tide is 
influenced by such varying forces that it is by no means so simple 
-as it seems. Theoretically, each tide rises and falls equal distances 
-above and below a fixed line known as the mean level of the sea, 
which is always supposed to be constant, but in reality the mean 
level is subject to great variations; for instance, the atmospheric 
pressure influences it, for with a high barometer observation proves 
‘that the mean level will be lower than with a low barometer, 
varying about a foot in height for an inch of mercury, which is, of 
-course, quite natural ; again, the mean level is different at different 
seasons of the year, the difference in some places amounting to as 
much as two feet (notably in some parts of Australia); it is also 
greatly influenced, especially in estuaries or narrow seas, by the 
wind ; in the Thames, for instance, a S.W. gale has been known to 
-cause the tide to fall four feet below the calculated low water, and a 
N.W. gale produces a contrary effect, and there are other disturbing 
-eauses which produce some effect, though comparatively slight ones. 
The first thing we do, then, in original work, is to ascertain the 
mean level of the sea for the particular period of the year in which 
‘the survey is executed, then by applying half the range of a spring 
tide to the mean level, we have the low water of ordinary springs. 


Of course, to ascertain with accuracy the mean level of the sea at 
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any particular place, tidal observations should be taken day and 
night for at least a year; this is unfortunately rarely practicable, 
but in order to make surveys executed at considerable intervals of 
times comparable, it is customary to refer the datum adopted for 
the reduction of the soundings to some fixed point on the shore; 
for this purpose a rock that covers and uncovers at a given height 
on the tide pole is valuable; sometimes a mark is cut in on the 
rocky foreshore, and in this country the datum is referred to a 
dock sill in the vicinity, or to one of the Ordnance bench marks, so. 
that when re-sounding rivers and harbours in the United Kingdom, 
or banks close to the shore, there is no difficulty in reducing the: 
depths to the standard used previously. 

The tidal wave, or undulation, must not be confounded with the 
tidal stream or ebb and flow, which is quite a different thing. It is 
customary to name the tidal stream floo when the tide is rising, 
and ebb when it is falling, anil in rivers and harbours the stream 
often does run in one direction with a rising tide, and in the opposite 
direction with a falling tide, but this is by no means the case on 
open coasts, or in estuaries and straits. 

When sounding banks and channels at some distance off the coast, 
where it is impracticable to erect a tide pole, au empirical metliod of 
reduction has to be adopted ; for instance, we have been in the 7'riton, 
for some seasons now, engaged in sounding the banks and channels 
between Flamborough Head and Cromer, and the method we have 
adopted to find the times of high and low water, and the rise and 
fall, are as follows :—At Flamborough Head it is high water at 4.30 
at full and change of the moon, the rise and fall at springs being: 
16 feet, while at Cromer it is high water at full and change at. 
seven o'clock, the rise and fall at springs being 15 feet. If a line be 
drawn from Flamborough Head to Cromer, and divided into five. 
parts, assuming the progress of the tidal wave to be uniform, we. 
have the positions where the times of high water at full and change 
will be at 5, 5.30, 6, and 6.30 o’clock, and the rise and fall may be 
considered the same along that line, as it is i6 feet at Flamborough 
Head and 15 at Cromer. 

If lines be drawn at right angles to the line joining Flamborough 
Head, at the positions named, they will fall on the spot where, by 
calculation, the time of high water should be the same, and this. 
they do almost precisely ; for instance, the line along which the. 
high water should be at 5.30 o'clock cuts the coast just south of 
Spurn Point, and the high water as observed at Spurn Point is at. 
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5.26 o'clock, etc. To see if the rise and fall is as calculated, we 
take the depth by lead line at every hour from the ship whilst at 
anchor at night, or from a fishing vessel, which was used as a mark 
boat, in the daytime ; but the irregularities of the ground prevent 
very accurate results being obtained by this means, as the lead does 
not always fall in the same place; the general result is, however, 
wonderfully hke the calculated. 

We had, also, in 1889, a further opportunity of testing the 
accuracy of our calculations, as a steam vessel sank, after collision, 
seven miles west of the outer Dowsing light vessel, and as her 
masts showed above water, the Trinity House Superintendent of the 
district, at my request, nailed a tide pole to one of them, and caused 
the people on board the light vessel placed to mark the position of 
the wreck, to record the tide every hour. By my calculation the 
rise and fall of the tide at springs at the wreck should have been 
154 feet ; it proved to be 15 feet. 

To ascertain the precise height of the tide at any given moment 
when we cannot put up a tide pole, we use a method originally 
adopted by Sir Francis Beaufort ; for instance, if the rise and fall of 
the tide at springs be 15 feet, the mean tide level is 74 feet. If a 
diagram of a tide pole be made, and at the 7} feet a circle be drawn 
with a radius of 74 fect, this cuts the pole at 15 feet high water, and 
zero at low water. If the circle be divided into 12 equal parts, or 
twelve hourly intervals, and lines be drawn perpendicular to the pole, 
they will cut the pole at the number of feet rise. Thus, at a spring 
tide which rises 15 feet, the height 1 hour before and after high 
water will be 14 feet; at 2 hours, 11 feet 3 inches; at 3 hours, 
74 feet; at 4 hours, 3% feet; at 5 hours, 1 foot; and at 6 hours, 
zero; whilst at the same spot, with a neap tide which rises 12 feet 
above the low water at ordinary springs, the tide would be 11 fect 
3 inches at 1 hour before and after high water; 9 feet 9 inches at 
2 hours ; 7} feet at 3 hours; 54 feet at 4 hours; 33 feet at 5 hours; 
and 3 feet at low water. By dividing the circle into as many time 
intervals as may be required, it is evident the height of the tide may 
be estimated at any moment, and experience proves with considerable 
accuracy. 

Having shown how the depth is obtained, and how the soundings 
are reduced to the common standard of low water, I will now show 
how the position of each sounding is determined, as it is evidently 
of no use obtaining the depth unless its position can be accurately 
ascertained. 


134 


1. In sounding narrow rivers or channels the most convenient 
method is to stretch a line across, marked at given intervals, and 
to obtain a sounding at each mark. As a specimen of this 
method of sounding I produce the plan of Blythe Harbour on 
a scale of 25 inches to the statute mile. Here marks were set up 
on each side of the river at every 100 feet, and a line stretched 





Diagram showing Sir Francis Beaufort’s Method of Finding the Height of 
| the Tide at Any Hor,. 


across from side to side marked at every 30 feet, two small 
anchors being used to secure the line to, one on each side. A 
seaman with one anchor Is stationed on one side of the river to 
make fast the end of the line, and two seamen with an anchor on 
the other side to heave it taut. The sections are all numbered, and 
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soundings taken at each mark on the line by the leadsman in the 
boat, the officer in charge recording the number of the section, the 
depth at each mark, and from which side of the river he begins and 
at which side he ends, the positions occupied by the anchors having 
been previously marked and properly fixed by angles. The hour 
and minute at which the soundings are taken is also recorded, and 
at the same the tide watcher records the height of the tide on the 
gauge. When the section is finished, the line is eased up and the 
anchurs shifted to the next marks, and so on until all the sections 
required have been obtained. Care must be taken that at each 
sounding the boat is really on the straight line between the two 
anchors, as the tidal stream has a tendency to somewhat bow the 
rope stretched across the river. 

2. When the river or channel is too wide, or has too much 
traffic moving on it, to permit a line to be stretched across, some 
sort of marks have to be used, and the position of the soundings 
fixed by angles between objects on the shore. As an instance 
of this method of sounding I produce the plan of Gillingham Reach, 
recently sounded on a scale of 20 inches to the nautical mile to 
‘ascertain the state of the dredging operations. Here it was neces- 
sary to sound the river very closely, and the width and traffic 
rendered the stretching a line across impracticable. We therefore 
took advantage of the spire of Hoo church, as a mark sufficiently far 
off to admit of the lines of soundings all converging towards it, 
especially as the curve of the river ran in such a direction that lines 
from Hoo spire crossed it nearly at right angles. Then as the fore- 
shore was muddy and much broken, so that it was awkward to 
measure even distances on a straight line, we laid out a long rope 
just outside the low water line on the north side of the river, and 
marked it at every 60 feet, dropping an anchor at each end. A boat 
with a flag was then moored at each successive mark on the line, and 
the suunding boat kept this flag in line with Hoo spire. This 
ensured the sectional lines being run at regular intervals, but to fix 
the position of the soundings, angles were taken at frequent intervals 
between the objects on shore already plotted from the triangulation, 
viz., the Dockyard chimney, Hoo spire, Folly Fort flagstaff, Folly 
beacon, Darnett Fort flagstaff, Friday mill, Gillingham church, ete. . 

Two angles are sufficient to fix the position, and these angles are 
taken simultaneously with sextants by the observers and plotted by 
the station pointers, and, if correctly taken, should plot on the line 
of the boat and spire. Each sectional line was run from south to 
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north, as it is easier for the steersman to keep two objects exactly in 
line when steering towards them than when steering away from 
them, and these objects made such a good transit that if they were 
in line from one side of the boat they were a little open on the other 
side. 

The sextants used for observing angles when sounding are made 
especially for this service, without shades and fitted with powerful 
- tubes, and they are graduated to minutes, as smaller divisions are 
unnecessary. The station pointer, which next to the sextant is our 
most useful instrument, has one fixed and two moveable arms, so 





Diagram showing Method of Fixing Soundings by Station Pointer. 


that the angles observed can be placed on it, and the arms placed 
over the points on the chart. It is constructed on the twentieth 
proposition of the Third Book of Huclid, that the angle at the centre 
is double the angle at the circumference upon the same base, i.¢., 
upon the same part of the circumference; for instance, in the 
diagram shown let A, B, D be three objects on shore, the positions 
of which have been ascertained by triangulation, from the boat the 
observed angle between D and B is 27° 30’, and between B and A 
22° 30’; then, by doubling these angles and projecting we get two 
circles, which define the position of the boat at E. ‘The objects 
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selected for observation must be in such positions that the circles 
drawn cut each other sharply ; this they will do if the centre object 
be nearer the observer than any point on a straight line joining the 
other two objects. If, however, the points used are in such positions 
as A, B, and C, and the angles observed be 224°, then the observer 
may be anywhere on the circle A, B, C, E. In actual practice we do 
not project, but use the station pointer, which gives the position of 
the boat at once. 

3. In sounding open coast or estuaries we endeavour to take the 
soundings in lines at right angles to the coast, or banks in the 
estuary, so as to contour the sea bottom in a similar manner to con- 
touring the elevation of the land. When practicable we sound by 
keeping marks on the shore in line, but this is frequently impossible, 
and we then have no option but to steer by compass, and fix by 
angles between objects on the shore, as previously explained. The 
difficulty here is that we cannot always steer on the exact line we 





Surveying Beacon wsed on the Sand Banks in the Thames Estuary. 


wish to follow, as the varying strength of the tidal stream requires 
varying allowance to be made for it so frequently that it is impossible 
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to tell exactly what course is required to maintain a perfectly straight 
line ; consequently more time is used to cover a given area with 
soundings, than if marks were available which could be kept in 
line. When the estuaries occupy a considerable area, and are full 
of sand banks out of sight of land, it becomes necessary .to erect 
beacons on the banks and connect them by triangles with the shore 
objects. In the Thames estuary, which the 7 riton re-surveyed last 
year, the work was greatly facilitated by the masts of vessels 
wrecked on the banks. <A convenient form of beacon is an iron 
screw pole supported by stays and surmounted by a wooden pole, on 
the top of which are battens. These also serve to record the rise 
and fall of the tide, as they are marked in fect. When they dry at 
low water, another pole is used in addition. 

4. In sounding banks out of sight of land, marks of some kind 
are absolutely necessary.’ In many cases it is impracticable to erect. 
beacons on the banks, and we then hire a vessel and anchor her in 
position, and by her aid and anchoring beacon buoys, triangulate 





Form of Beacon Buoy used in Surveying Banks out of Sight of Land. 


and sound round the bank. The first thing to do is to ascertain the 
correct position of the mark vessel at anchor, and to place a watch 
buoy by her to guard against her drifting. If the position can be 
triangulated out from the shore, it is, perhaps, the moat satisfactory 
way, but when that cannot be done, astronomical observation is the 
only alternative. Here we bring our chronometers into play, and 
connect the bank by meridian distances to the nearest point on shore, 
the longitude of which has already been determined. 
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In all surveying vessels we bestow great care on the chronometers. 
They are placed as nearly as practicable in the centre of the vessel, 
where they are less subject to jars than anywhere ; they are wound 
carefully at the same hour daily ; all iron is kept as far as possible 
from their neighbourhood, and they are kept under glass cases so 
that the faces may be seen without lifting the lid, and thereby 
causing variations in the temperature each time it is necessary to 
compare with the hack chronometer. The rates are always obtained 
by equal altitudes by the same observer with the same sextant and 
artificial horizon, and the errors shown on the mean time of the 
place where the observations were taken. Although it is necessary 
to have one standard meridian on the globe, which meridian is an 
arbitrary one, Greenwich being accepted by most nations, it is 
advantageous to have a number of secondary meridians which govern 
the longitudes of particular areas, and to which all meridian dis- 
tances in that area are referred. 

Every surveying vessel, therefore, is furnished with a standard 
secondary meridian by the Hydrographic Department, and to that 
meridian all her chronometrical distances are referred ; our method 
of working these distances is that originally promulgated by Tiarcks, 
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Diagram showing the Method of Ascertaining the Accumulated Rate of a 
Chronometer. 


of which I show a diagram. If a chronometer be rated at A and 
again at B, and the error ascertained on the mean time of place at 
both places, then assuming any change of rate to be uniform, the 
accumulated rate is the rate at A+ or—4 the difference between 
the rate at A and the rate at B multiplied by the number of days 
elapsed between the observations. In the case of a number of 
chronometers the result given by each instrument is recorded, and 
those which differ materially from the arithmetic mean are rejected, 
and a selected mean adopted. That this gives good results will be 
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apparent when I mention that in the Challenger we were furnished 
with 12 chronometers, and carried a series of meridian distances 
round the world, the voyage occupying 3} years, and the chronome- 
ters undergoing many changes of temperature. The result of all 
the meridian distances added together gave 24hrs. Omin. 28secs., 
or seven miles of longitude out in the distance of 68,000 miles 
traversed. 

In obtaining the meridian distance of a mark boat at anchor from 
a standard position on shore, the same system is pursued, but the 
equal altitudes for errors and rates of chronometers are obtained by 
the sea horizon. 

To get the latitude, observations are either taken of stars at 
twilight north and south of the zenith, or the sun at noon by | 
contact with the horizon both north and south. The difficulty in 
all sea observations is owing to our often not seeing the true horizon, 
owing to refraction. This is toa great extent remedied by taking the 
mean of observations to the north and south, but if the meridian 
altitude of the sun is less than 60° the angle becomes too large to 
measure in the opposite side, and meridian altitudes of stars on 
either side of the zenith, or double altitudes of stars at twilight, are 
necessary for accuracy. To give an instance of the close accordance 
of the results when the observations of the sun are taken with both 
horizons on the meridian, I may state that, in fixing the Ower and 
Leman light vessel, we found its latitude on 


June 25th to be... . 538 T BON. 
July 9th_,, he . 53 8 O,, 
July Lith ,, ab . 93 7 54 ,, 
July 12th ,, ae se “ODUM Od. 5 


an extreme range of six seconds of arc, or 600 feet in the latitude. 
Such a close accordance shows the value of this method originally 
recommended by Raper. 

Having, either by triangulation from the shore, or by astronomical 
observation, fixed our mark boat, we sound round her, and fix the 
position of the soundings by compass bearings and masthead angles. 

For observing with accuracy the masthead angle we use Rochon’s 
micrometer, a telescope fitted inside with two prisms of rock 

_erystal, the one cut parallel to the axis of the crystal, and the other 
parallel to one of the faces of the pyramid. These are placed one 
on the other in contrary directions, and cemented together in a cell, 
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which slides in the body of the telescope, by means of a slit, in the 
direction of its length, so that the prism may be moved along the 
tube ; this shows two images of the object in the field of the 
telescope, and the angle subtended by any object is measured by 
the contact of the images. Its graduation is corrected by moving 
the prisms to a point where the images cover, which is the zero, and 
by taking the diameter of the sun. It is, of course, only intended 
to measure small angles, and is rarely graduated to more than 
40 minutes, but angles to one second can be read off by means of 
the vernier. By the help of this instrument we can sound accurately, 
in clear weather, for a radius of four miles round the mark boat. 
Having filled up the area round the mark boat with soundings, we 
anchor a beacon buoy from three to four miles from her, and fix it 
by obtaining a true bearing and distance, and then shift on the 
mark boat to three or four miles from the buoy and continue 
sounding. The distance is obtained by the micrometer, checked by 
measuring the distance by sound. | 

The rise and fall of the tide, and times of high and low water, are 
obtained by the lead line, if no better means offer. 

The beacon buoys we generally use are specially constructed casks 
with a spar passing through a tube; to the bottom of the spar 
weights are attached, to make it float upright, and on the top is a 
light pole with cross-pieces. ‘These can be seen about five miles in 
clear weather. 

5. In sounding off the shore to the 100 fathom line of soundings, 
when land is lost sight of, the lines of soundings are run by compass 
and patent log, and checked by astronomical observation. The 
difficulty in fixing accurately the position of a ship at sea is that it 
is not often we are able to obtain observations for latitude and 
longitude at the same time. At night, when the stars are visible, 
the horizon is seldom accurately defined, and we are, of course, 
entirely dependent at sea on the visible horizon. The best time for 
stellar observation is just before sunrise and after sunset, when the 
horizon is yet well defined, and the bright stars just beginning to 
show ; at such times, altitudes of two or more heavenly bodies on 
different bearings give accurate results. This is known as Sumners’ 
method, and is based on the fact that circles of altitude may be 
drawn at any moment on the earth’s surface for each particular star, 
so that the position of the observer is where the circles cut; for 
instance, if a line be drawn from the centre of the earth to a star, 
at the point where, this line cuts the surface, the altitude of the star 


will be 90°, whilst a plane from the centre of the earth, at right 
angles to this line, cuts the earth’s circumference at those points 





Diagram showing Circles of Altitude. 


where the altitudes will be 0°; 10° from this plane towards the 
point where the altitude is 90° the altitudes will be 80°, and so on; 
and, as the circles are large, any small portion of them may be 
taken as a straight line, and this line will be at right angles to the 
bearing of the star from the observer. Now, as you know that if 
‘we have the latitude, altitude, of a heavenly body, and its polar 
distance, we can calculate the time at: place and azimuth of the star, 
and consequently, with the aid of chronometers, the longitude, and 
as we know the latitude always, say to within 20 circles, by calcula- 
ting the longitude and true bearing of the star, we get a circle of 
altitude, on which the observer must be at that particular moment ; 
therefore, by observing stars on different bearings, we get as many 
circles of altitude as are necessary, and the point where these circles 
cut is the position of the observer. 

This fact is also of value in many instances where an altitude of 
only one heavenly body can be obtained ; for instance, in making 
the land after many days thick weather, if an altitude of the sun can 
be obtained, although the latitude is doubtful to within many miles, 
still the observer knows he is on a circle of altitude, and that 
perhaps that circle of altitude will cut the land in some, or close to 
some, prominent point, therefore, by steering on the circle of altitude 
he is sure to make the land in some known locality. On the chart 
of the entrance to the English Channel you will see that if in the 
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forenoon, when the sun is in the S.E. quadrant of the compass, an 
observation be obtained for longitude, the observer will be in a circle 
of altitude running in a 8.W. and N.E. direction, and that this will 
mect the English coast in some point between Lands End and the 
Start ; therefore, by steering on this circle of altitude the precise 
position of the ship can be ascertained by the soundings, even before 
the land is actually seen. 

The only other means of obtaining both latitude and longitude 
simultaneously at sea is when either Venus or Jupiter passes the 
meridian in the forenoon or afternoon, when the skilled observer 
can get the meridian altitude, and also observations of the sun for 
longitude within a minute or two. But this requires very clear 
weather, and the planet must pass at least 24 hours before or after 
noon, or the brightness of the sun prevents its being seen with a 
sextant. In order to see the reflection of the planet it is necessary 
to screw the telescope in by the “up and down piece” as far as it will 
go, and the sextant must be held very steadily, and directed towards 
the meridian with the altitude nearly on. Practice enables the 
observer to get most excellent results, but I fear few sailors take the 
time and trouble necessary for this purpose. 

The soundings in running off or on the shore out of sight of land 
are regulated by distance and the speed of the ship. A good plan is 
to proceed at a rate of about six miles an hour, and to stop and 
obtain a cast of the lead every 10 minutes ; this will give soundings 
at distances of a little less than a mile between them. At each 
sounding the course the ship is steering, the distance run by patent 
log, the depth, the nature of the bottom, the error of the line, and 
the state of the tide are noted, as also whether any astronomical 
observations were obtained, and if so, of what nature they are. Too 
many astronomical observations cannot be obtained, more especially 
when sounding off shores where the tidal streams change every six 
hours, and where it is impossible to tell, excepting from astronomical 
observation, with what speed the stream is running. 

In ocean sounding, the time occupied in obtaining the depth and 
bringing up a specimen from the bottom is so considerable that 
observations for latitude and longitude can almost always be obtained, 
a3 the ship is kept stationary. 

It will be evident from the foregoing remarks that our chief. 
dependence in nautical surveying is on the sextant. That is the 
instrument which enables us to perform our work accurately, and 
with it, and it alone, many valuable surveys have been made. The 
great disadvantage of the sextant is that it has to be put down each 
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time an angle is registered, as it is not practicable to hold the 
instrument and write down at the same time; so that it is very 
convenient to have some one to register the angles as they are 
observed ; otherwise, it is, I think, the best instrument there is for 
surveying, for the theodolite, altazimuth, or transit instrument, 
are only of use on shore, and the compass is subject to so many 
errors that observations by it alone cannot be relied on; but with 
a sextant the whole work of either a land or marine survey can 
be executed with the greatest precision. 

The instrument being then so useful to us, it is important to 
know its errors. Most of these are doubtless familiar to every 
one who makes use of the sextant, but there is one very important 
error which seems to have attracted very little attention, and that 
is the error of centering. 

All sextants have an error of this description, and in good 
instruments it is usually progressive ; being nothing at the zero 
of the instrument and increasing gradually with the angle, some- 
times amounting to 50” or 60” at 120°. If it does not so increase, 
or if it varies, it shows that in all probability there is an error in 
the graduation as well. These two errors cannot be entirely 
separated, but the graduation can be tested by trying the vernier 
at different parts of the arc, when, if the graduation is correct, 
the zero and last division in the vermier will invariably cut lines 
on the are simultaneously. 

The plan I usually adopt to obtain the errors of centering is 
either to measure angles between objects on the land by it, and 
by Borda’s repeating circle, or else to obtain a series of equal 
altitudes of the sun at all elevations, when the observations, 
worked as single altitudes, should agree with the results given 
by the equal altitudes. This is seldom the case, but it will be 
found that the mean result of the a.m. and p.m. sights always 
will agree. Consequently, by applying an error to the altitudes 
until the result agrees with that obtained by the equal altitudes, 
the error of centering at that altitude is obtained. Then by 
obtaining a series of results at different altitudes, and drawing 
a curve of errors, the amount at any altitude or angle can be 
tabulated. Lately, the authorities at the observatory at Kew have 
undertaken.to test sextants for errors of centering by payment of a 
small fee, and it would be well before purchasing any instrument to 
ascertain that its valuation has been so tested, and to get a copy of 
the Kew certificate attached to the receipt. 


